INTRODUCTION
============

Ultrasound has become a popular tool utilized in the performance of chronic pain interventions. Traditionally, procedures in pain medicine were performed using anatomic landmarks, fluoroscopy or CT scan. While these modalities continue to be utilized, there has been a tremendous growth in the use of ultrasound by pain practitioners. The first objective of this review article is to describe the anatomy and sonoanatomy of non-axial structures commonly involved in chronic pain conditions. The second objective is to describe the techniques utilized to perform ultrasound guided interventions for these structures.

METHODS
=======

A MEDLINE database search was performed from January 1982 to Dec 2012 using the search terms ultrasound, ultrasound-guided, pain management and different structures relevant to this review including stellate ganglion, suprascapular, ilioinguinal, iliohypogastric, genitofemoral and lateral femoral cutaneous nerves. This article does not address perioperative nerve blocks, axial structures or trigger point injections.

ULTRASOUND VERSUS CONVENTIONAL IMAGING TECHNIQUES
=================================================

Most pain management guidelines have moved towards recommending image guidance such as ultrasound, fluoroscopy or CT scan for interventional procedures. This is largely due to the increased accuracy, reliability (precision) and safety associated with structure visualization \[[@B1]\]. Fluoroscopy is effective for visualization of bony structures but not soft tissues. It thus has limitations when performing procedures for peripheral procedures. While CT scan is better than fluoroscopy for visualization of bony structures and soft tissue, it can be cost prohibitive and is associated with significant radiation exposure to the patient and practitioner \[[@B2]\]. Ultrasound has emerged as a popular modality in various disciplines because of its numerous advantages. It is generally more affordable and portable than other imaging modalities while avoiding any radiation exposure. Ultrasound provides direct visualization of various tissue structures including muscles, tendons, ligaments, nerves, vessels and bone surfaces. Ultrasound technology now allows visualization of small peripheral nerves and their associated branches \[[@B3]\]. Real time ultrasound guidance of needle placement and medication administration provides an advantage in ensuring accuracy. Furthermore, ultrasound is increasingly being utilized for the diagnosis of various conditions that may be associated with the patient\'s presentation such as nerve and joint pathology \[[@B4]-[@B6]\].

Although ultrasound is associated with significant advantages, it does have limitations. Visualization of certain structures including bone and deeper tissues can be limited. Bone has a high attenuation coefficient and casts an acoustic shadow; thus, structures hidden by bone are not well visualized. Visualization of deeper structures can also be challenging and requires use of a low frequency curve-linear probe. While this allows deeper visualization, the resolution is compromised. The technique required for ultrasound utilization is certainly user dependent. Obtaining an ideal image of the target structure while maintaining visualization of the needle requires practice and experience \[[@B7]\]. This is particularly true when the target structure is deep and the needle insertion angle is more acute. Like other interventional techniques, ultrasound in pain medicine requires a sound understanding of anatomy as well as sonoanatomy. The architecture of different tissues and organs are variable and interpretation of this is required when performing interventions. Despite these limitations, the advantages of ultrasound have resulted in its increasing popularity for various pain procedures.

STELLATE GANGLION (CERVICAL SYMPATHETIC) BLOCK
==============================================

Stellate Ganglion Block (SGB) is commonly utilized for chronic pain conditions of the head, neck and upper extremity \[[@B8]\]. Increasingly this block is also being utilized for acute pain, as well as non-painful conditions \[[@B9]-[@B12]\].

1. Anatomy and sonoanatomy
--------------------------

The stellate ganglion is part of the sympathetic chain and is formed by fusion of the inferior cervical and first thoracic ganglion. It is located at the C7.T1 level, posterior to the vertebral artery, lateral to the longus colli muscle and adjacent to the neck of the first rib ([Fig. 1](#F1){ref-type="fig"}). Sympathetic innervation of the upper extremity arises from the stellate ganglion via post-ganglionic fibers that travel with C7, C8 and T1. The head and neck also receive sympathetic innervation from the cervical sympathetic chain. However, these fibers arise from the superior and middle cervical ganglion, which are more cephalad. The SGB is typically performed at the C6 level, with the goal of therapeutic medication spreading more caudally to reach the actual stellate ganglion. The C6 location is chosen to avoid the vertebral artery, which is classically described as having entered the foramen transversarium at this level. At C6 the cervical sympathetic chain is anterior to the longus colli muscle, embedded within the prevertebral fascia.

Ultrasound allows visualization of the thyroid gland, esophagus, carotid artery, internal jugular vein, C6 anterior and posterior tubercles, longus colli muscle, longus capitus muscle and prevertebral fascia ([Fig. 2](#F2){ref-type="fig"}). The C6 transverse process is identified by its prominent anterior tubercle. The transverse process of C7 appears different from other cervical vertebrae due to its vestigial anterior and large posterior tubercles. The vertebral artery is identified by ultrasound and usually enters the foramen transversarium at C6; however, studies show that it can be extra-foraminal at this level in 7-10% of the population \[[@B13],[@B14]\]. The esophagus is deviated to the left of the trachea in approximately 50-70% of the population, as revealed by studies utilizing various imaging modalities \[[@B15]-[@B17]\]. Mediastinitis can result from esophageal injury, particularly if the patient has an unrecognized diverticulum \[[@B18]\]. Another important identifiable structure is the inferior thyroidal artery, which can be seen passing in front of the prevertebral fascia. Injury to this artery can lead to a hematoma; this was a common complication found in the first published case series comparing \"blind\" injection with ultrasound for SGB \[[@B19]\].

The target for injection at C6 is the plane between the longus colli muscle and the prevertebral fascia, which can be seen with ultrasound. Studies suggest that subfascial injections have better caudal spread and greater temperature change between arms than suprafascial injection \[[@B20],[@B21]\]. Furthermore, suprafascial injections may be associated with more cephalad, medial and anterior spread of local anesthetic. This spread can result in an increased risk of hoarseness, likely secondary to contact with the recurrent laryngeal nerve.

2. Existing techniques
----------------------

The classically described technique for SGB is performed at the C6 anterior tubercle (Chassaignac\'s tubercle) with anatomic or fluoroscopic guidance. The needle is placed onto Chassaignac\'s tubercle, medial to the carotid artery, and withdrawn 0.1-0.5 mm prior to injection of medication. Several disadvantages exist with this approach. Firstly, the landmark of Chassaignac\'s tubercle is quite small, with a cephalo-caudad dimension as narrow as 6 mm. If the needle tip slides off the tubercle it could penetrate the vertebral artery \[[@B22]\]. Fluoroscopy increases the accuracy of identifying Chassaignac\'s tubercle, however identifying the tissue plane between the longus colli muscle and the prevertebral fascia is not accomplished. Furthermore, vascular structures (carotid artery, vertebral artery, inferior thyroidal artery) and soft tissue structures (thyroid and esophagus) are not seen with fluoroscopy and are therefore at risk of puncture \[[@B18],[@B23]\].

3. Ultrasound guided injection technique
----------------------------------------

The patient is placed in the supine position with the neck extended. A high frequency (6-13 MHz) linear ultrasound probe is placed at the C6 level to identify the longus colli muscle, longus capitus muscle, prevertebral fascia and surrounding structures ([Fig. 2](#F2){ref-type="fig"}). The level should be confirmed by scanning caudally to visualize the C7 transverse process. There are two common approaches utilized; the medial and the lateral approach. The medial approach is similar to the classically described technique in which the needle is placed medial to the carotid artery, and advanced using an out of plane technique towards the preverbal fascia. Performing a pre-scan is important to plan needle trajectory. The path of the esophagus and inferior thyroidal artery in particular, may dissuade the operator from utilizing the approach medial to the carotid artery \[[@B24]\]. The author generally prefers the lateral in-plane approach, where the needle passes lateral to the carotid artery and anterior to Chassaignac\'s tubercle. Color Doppler determines whether there are any vessels in the needle trajectory. The tip of the needle is directed between the prevertebral fascia and the longus colli muscle ([Fig. 2](#F2){ref-type="fig"}). A total of 5ml of local anesthetic is injected in the subfascial plane. Visualization of real time spread of local anesthetic is important to minimize risk of intravascular injection.

SUPRASCAPULAR NERVE BLOCK
=========================

Suprascapular nerve (SSN) block was originally described in 1941 \[[@B25]\]. Indications for this procedure include treatment of chronic shoulder pain (adhesive capsulitis, frozen shoulder and glenohumeral joint arthritis) \[[@B26]-[@B29]\], treatment of acute pain (shoulder trauma or surgery), \[[@B26],[@B30]-[@B32]\] as well as diagnosis of suspected suprascapular neuropathy \[[@B33]\].

1. Anatomy and sonoanatomy
--------------------------

The SSN provides sensory innervation to approximately 70% of the shoulder joint. It has multiple branches including sensory fibers to the shoulder and shoulder joint, as well as motor fibers to the supraspinatus and infraspinatus muscles ([Fig. 3](#F3){ref-type="fig"}).

The SSN arises from the superior trunk (union of C5 and C6) of the brachial plexus and runs adjacent to the omohyoid muscle. It continues under the trapezius muscle and then under the transverse scapular ligament at the level of the suprascapular notch ([Fig. 3](#F3){ref-type="fig"}). The suprascapular notch is classically described as an u-shaped dip on the superior margin of the scapula, medial to the coracoid process. The size and shape of the notch are highly variable and can be absent in up to 8% of cadavers \[[@B34]\]. The suprascapular artery and vein can usually be identified crossing over top the transverse scapular ligament.

Once the SSN passes the suprascapular notch, it is within the suprascapular fossa, deep to the supraspinatus fascia superiorly. The SSN then leaves the suprascapular fossa by preceding infero-laterally under the supraspinatus muscle towards the spinoglenoid notch to enter the infraspinatus fossa. It curves around the lateral aspect of the scapular spine and then proceeds more medially on the posterior aspect of the scapula ([Fig. 4](#F4){ref-type="fig"}).

The ideal location to perform the SSN block is in the suprascapular fossa on the floor of the scapular spine, between the suprascapular notch and the spinoglenoid notch \[[@B35]\]. The suprascapular fossa is a good target because it forms a compartment and retains the therapeutic medication with a small volume \[[@B36]\]. More importantly, this technique is advantageous because it avoids the more anterior suprascapular notch, which can be absent in some individuals. At the level of the suprascapular notch it can be difficult to visualize the full needle using the in-plane technique. Furthermore, if the needle advances too anteriorly there is a risk of pneumothorax. Finally, medication administered at the anterior level of the notch is more likely to spread to the brachial plexus \[[@B35]\].

Ultrasound imaging of the suprascapular fossa allows visualization of the trapezius and supraspinatus muscles ([Fig. 5](#F5){ref-type="fig"}). The SSN is often seen along with the suprascapular artery on the floor of the suprascapular fossa. Aligning the probe in the coronal plane with slight anterior angulation is required to better visualize the contents of suprascapular fossa, as the scapular spine forms an angle (39.5 degrees +/- 5.8 degrees) to the axis of the scapula blade \[[@B37]\].

2. Existing techniques
----------------------

Several different techniques have been described for SSN block, most of which target the SSN posteriorly at the level of the suprascapular notch or the suprascapular fossa. Modalities utilized include anatomic landmarks \[[@B25]\], peripheral nerve stimulator \[[@B30]\], electromyography \[[@B27]\], fluoroscopy \[[@B38]\] and CT guidance \[[@B39]\]. The primary disadvantages to anatomic landmarks include risk of pneumothorax, intravascular injection and nerve injury \[[@B40]\]. Studies evaluating the accuracy of using only anatomic landmarks demonstrated that needle placement could often end up within or above the supraspinatus muscle \[[@B36]\]. Fluoroscopy or CT guidance can be used to increase the accuracy of needle position, with the suprascapular fossa being a popular target. An adequate volume of therapeutic medication is required to ensure appropriate coverage of the SSN. However, a recent cadaveric CT scan study which targeted the suprascapular fossa showed that 10 ml of injectate spread to the brachial plexus within the axilla in 3 of 33 subjects \[[@B36]\].

Five articles describe the sonoanatomy of suprascapular nerve injection \[[@B35],[@B41]-[@B44]\]. The majority of these describe a posterior approach. Some of the early articles inaccurately identified the floor of the suprascapular fossa as the suprascapular notch. More recently an anterior approach has also been described which visualizes the suprascapular nerve branching off the superior trunk of the brachial plexus, deep to the omohyoid muscle \[[@B44]\]. The major limitation of the anterior approach is the proximity to the brachial plexus (median 8 mm; range 4-15 mm), which potentially increases the risk of unintended spread of local anesthetic. Also, at this level the nerve is close to the pleura, potentially increasing the risk of pneumothorax.

3. Ultrasound guided injection technique
----------------------------------------

The patient is placed in either the sitting or prone position. A high frequency (7-13 MHz) linear ultrasound probe is used. The probe is placed over the suprascapular fossa in a coronal plane, using a slight anterior tilt ([Fig. 5](#F5){ref-type="fig"}). The mid point of the probe in short axis should bisect a line between the medial aspect of the coracoid process and the posterior aspect of the acromion. This line follows the orientation of the suprascapular nerve towards the spinoglenoid notch. Targets visualized from superficial to deep include the trapezius muscle, supraspinatus muscle and floor of the suprascapular fossa ([Fig. 5](#F5){ref-type="fig"}). The nerve is approximately 2.5 mm in size but can sometimes be difficult to visualize because of orientation. An in-plane technique from medial to lateral is utilized for needle insertion due to the position of the acromion on the lateral side. A 22 Gauge, 80-mm needle is utilized and an injectate volume of 5-8 ml is usually sufficient.

ILIOINGUINAL, ILIOHYPOGASTRIC AND GENITOFEMORAL NERVE BLOCK
===========================================================

The Ilioinguinal (IL), iliohypogastric (IH) and genitofemoral nerves (GF) supply the skin bordering the lower abdomen, groin and thigh \[[@B45]\]. These nerves have a superficial course and are at risk of injury during common surgeries such as cesarean section, inguinal hernia, and laparoscopic procedures \[[@B46]-[@B48]\]. Perioperative and traumatic nerve injury have been shown to be associated with chronic post surgical pain \[[@B49],[@B50]\]. Patients may present with pain that is neuropathic in nature radiating to the low abdomen, groin, and medial thigh, as well as to the scrotum in males and labia majora in females. Blocking these can be of diagnostic and therapeutic value.

1. Anatomy and sonoanatomy
--------------------------

There is significant anatomic variability and overlap in sensory innervation of the lower abdomen, groin and medial thigh. This variability is due to the various communication and dominance patterns of the IH, IL and GF nerves. Classically, the Iliohypogastric (IH) nerve provides sensory innervation to the skin over the lower part of the rectus abdominus muscle \[[@B51]\]. The terminal branch of the ilioinguinal (IL) nerve is often accompanied by the genital branch of the GF nerve. Either collectively or individually, the terminal sensory branches of these nerves may innervate the skin of the mons pubis, upper medial thigh, inguinal crease, anterior surface of the scrotum and part of the labia majora.

The ilioinguinal (IL) and iliohypogastric (IH) nerves arise from T12 and L1 ([Fig. 6](#F6){ref-type="fig"}). They run along the lateral aspect of the psoas major muscle and course obliquely across the quadratus lumborum and iliacus muscles. Above the iliac crest these nerves travel from deep to superficial and pierce the transversus abdominus muscle (TA) to lie between TA and the internal oblique muscle (IO). This is the most common location for finding both nerves together and is thus a common target for injection.

The IL and IH nerves then continue on different paths. The IH nerve pierces the IO above the ASIS and travels between IO and external oblique muscles (EO) above the inguinal canal. Just above the superficial inguinal ring it pierces the EO to innervate the skin. The IL nerve runs parallel and below the IH nerve. After it pierces the IO, the IL nerve eventually travels within the inguinal canal. It exits the inguinal canal via the superficial inguinal ring along with the spermatic cord. Within the inguinal canal the IL nerve may join or travel with the GF nerve.

The genitofemoral nerve (GF) arises from L1 and L2. It pierces the psoas muscle at L3/L4 and divides into the genital and femoral branches at variable distances from the inguinal canal ([Fig. 6](#F6){ref-type="fig"}). The femoral branch follows the course of the external iliac artery and continues with it under the inguinal ligament. It goes on to supply the skin over the femoral triangle. The genital branch travels through the inguinal canal, either within or outside the spermatic cord and terminates in its cutaneous branches. Within the inguinal canal the IL and GF nerve may travel together.

The ideal location to scan the IL and IH nerves together is cephalad and posterior to the ASIS, with the probe perpendicular to the inguinal canal. This position should allow visualization of the hyperechoic iliac crest, all three layers of abdominal muscles (EO, IO and TA) and the peritoneum ([Fig. 7](#F7){ref-type="fig"}). The nerves are often visualized in the fascial plane between the IO and TA muscles as it slopes upwards towards the iliac crest. The IL and IH nerves are usually in close proximity to each other and often accompanied by the deep circumflex iliac artery ([Fig. 7](#F7){ref-type="fig"}). Occasionally the nerves can be visualized piercing the IO muscle to lie between the IO and EO muscles.

The genital branch of the GF nerve is a common target for injection, however this structure cannot be visualized routinely with US unless a high frequency probe (\>18 MHz) is used. Scanning focuses on identifying surrounding structures including the inguinal canal because it contains the genital branch of the GF nerve ([Fig. 8](#F8){ref-type="fig"}). Note that branches of the IL nerve may also travel within the inguinal canal at this location. The inguinal canal also contains the spermatic cord (round ligament of uterus in females), the testicular artery and the artery to vas deferens. The inguinal canal is better visualized in males than females.

It is important to note that the descriptions provided above may only pertain to 42% of dissections \[[@B52]\]. The point at which the IL and IH nerves pierce the abdominal layers is highly variable \[[@B47]\]. In 29% of patients the IL nerve joins the IH nerve or one of the nerves may be entirely absent \[[@B52]\]. One cadaver study demonstrated that the IL nerve could be responsible for the expected innervation of the GF nerve in 28% of dissections \[[@B53]\]. This anatomic variability must be taken into consideration when performing diagnostic and therapeutic injections for these structures.

2. Existing techniques
----------------------

Several anatomically guided techniques have been described for the IL and IH nerve blocks. Two of the suggested targets include 1 inch medial to the ASIS along a line joining the ASIS and the umbilicus or 3 cm medial and inferior to the ASIS \[[@B54],[@B55]\]. These blind techniques are associated with high failure rates in the range of 10-40% \[[@B56],[@B57]\]. These low success rates are likely because the IL and IH nerves can be located in various fascial planes between the IO, EO and TA muscles \[[@B56]\]. In addition, there are several nearby structures that can be damaged with blind injection as demonstrated by reported cases of femoral nerve palsy, bowel perforation and vascular injury \[[@B58]-[@B61]\].

The described anatomic techniques for the GF nerve block actually only target the genital branch, as the femoral branch has already separated by this point. One such technique involves identifying the pubic tubercle and infiltrating medication 1cm superior and lateral to it \[[@B62]\]. This is an infiltration-based approach that likely targets spread of medication towards the inguinal canal. Nearby structures that are at risk of damage include the spermatic cord, testicular artery and bowel.

3. Ultrasound guided injection technique
----------------------------------------

The use of US guidance for the IL and IH nerve block has been evaluated in clinical practice and has been validated in a cadaver study \[[@B63]-[@B66]\]. The patient is placed in a supine position and a high frequency (6-13 MHz) linear ultrasound probe is utilized. In the author\'s experience, the ideal probe location is perpendicular to the inguinal ligament with the probe cephalad and 3 fingerbreadths lateral to the ASIS. The lateral end of the probe should be in contact with the iliac crest. All three muscle layers of the abdomen (EO, IO, TA) should be well visualized with the nerves most commonly lying in the fascial plane between the IO and TA at this location. The nerves should be found within 1.5 cm of the iliac crest with the IL nerve being more lateral \[[@B67]\]. This technique has been validated by a cadaver study with an associated 95% likelihood of identifying both nerves \[[@B63]\]. Color Doppler can be utilized to identify the deep circumflex iliac artery, often identified in the same fascial plane as the nerves. Caution should be taken if another nerve is found further away from the iliac crest. This is most likely the twelfth intercostal nerve or subcostal nerve. An out of plane technique is used to approach the IL and IH nerves. A total of 6-8 ml of injectate is usually adequate for coverage. If the nerves cannot be visualized, consideration can be given to injecting the fascial plane between the IO and TA muscles as this is the most reliable nerve location \[[@B64]\].

Ultrasound guidance for blockade of the genital branch of the GF nerve has been described in a prior review article \[[@B68]\]. It involves scanning the inguinal canal, which may also include the IL nerve. For the GF nerve block the patient is placed supine and a high frequency (6-13 MHz) linear ultrasound probe is utilized. The final probe position is perpendicular to the inguinal canal, 2 finger breadths lateral to the pubic tubercle \[[@B68]\]. The inguinal canal and its contents can be visualized. If difficulty is encountered identifying the inguinal canal, the femoral artery can be used as a reference landmark. The probe is used to obtain a long axis view of the femoral artery. The artery is traced cephalad until it dives deep where it transitions to the external iliac artery. At this point the inguinal canal and its contents should be seen superficially as a round structure ([Fig. 8](#F8){ref-type="fig"}). The canal can be traced medially by maintaining the probe perpendicular to the inguinal ligament and shifting the probe towards the pubic tubercle. Color doppler can be utilized to identify the testicular artery and artery to vas deferens, as well as the pampiniform venous plexus. Asking the patient to perform a gentle valsalva maneuver may accentuate the vascular structures within the canal. An out of plane technique from lateral to medial is commonly utilized for needle placement, however an in-plane technique can also be used. As the nerve can be either within or outside the spermatic cord in males, 4 ml of medication is deposited within the spermatic cord and 4 ml within the inguinal canal outside of the spermatic cord. Care should be taken to avoid epinephrine-containing solution in males due to the potential vasoconstrictive effects on the testicular artery. In females a total of 5 ml of medication is deposited within the inguinal canal around the round ligament.

LATERAL FEMORAL CUTANEOUS NERVE BLOCK
=====================================

Meralgia Paresthetica was first described in 1885 and is characterized by pain, numbness and paresthesia along the antero-lateral aspect of the thigh \[[@B69]\]. It is a rare condition and is defined as a mono-neuropathy of the lateral femoral cutaneous nerve (LFCN). Injection of the LFCN can be of diagnostic and therapeutic value \[[@B70]\].

1. Anatomy and sonoanatomy
--------------------------

The LFCN is a part of the lumbar plexus and arises from L2 and L3 ([Fig. 9](#F9){ref-type="fig"}). It continues as a purely sensory nerve and provides cutaneous supply to the antero-lateral thigh as high as the greater trochanter \[[@B71]\]. It emerges on the lateral border of the psoas muscle and continues caudally and laterally across the iliacus muscle towards the ASIS. Medial to the ASIS, the LFCN usually continues towards the inguinal ligament and travels through, above or below it \[[@B72]-[@B74]\]. The nerve location is quite variable at the inguinal ligament. Classically, it is found medial to the ASIS at a distance anywhere between 6 mm and 7.3 cm away \[[@B75]\]. The diameter of the nerve at this location is 3.2 +/- 0.7 mm \[[@B72]\]. Once at, or beyond the inguinal ligament the nerve divides into an anterior and posterior branch. Below the inguinal ligament the nerve, or one of its branches may lie superficial to the sartorius muscle or may course laterally between the sartorius and tensor fascia lata muscles. While the above descriptions often hold true, there are several anatomic variations along the course of the LFCN, particularly around the inguinal ligament. Cadaver studies demonstrate the LFCN passing over or posterior to the ASIS in 4-29% of dissections \[[@B73],[@B76],[@B77]\]. It may divide into branches (0-5 branches) before crossing the inguinal ligament in up to 28% of individuals \[[@B75]\]. Although the nerve usually travels into the thigh above the sartorius muscle, it may travel within the muscle in 22% of cases \[[@B72]\].

The LFCN is a small peripheral nerve with significant anatomic variability, thus a systematic approach is required to identify it. Dynamic scanning from cephalad to caudal along the course of the nerve may provide additional benefit. The nerve can be visualized with ultrasound at, above or below the inguinal ligament. Above the inguinal ligament the nerve can be visualized lying over the iliacus muscle, particularly in patients\' with a low body mass index. At the inguinal ligament the nerve is most likely identified medial to the ASIS, between the fascia lata and fascia iliaca, superficial to the sartorius and iliacus muscles ([Fig. 10](#F10){ref-type="fig"}). In the infrainguinal region the nerve is most likely identified superficial to the sartorius muscle or more laterally between the sartorius and tensor fascia lata muscles ([Fig. 10](#F10){ref-type="fig"}).

2. Existing techniques
----------------------

The anatomic landmark based technique for injection places the needle 2.5 cm medial to the ASIS, just caudal to the inguinal ligament. Depth of needle insertion is guided by feeling the needle pop through the first fascial layer or by loss of resistance \[[@B71],[@B78],[@B79]\]. Anatomically guided blind injections have been reported to be associated with a failure rate as high as 60% \[[@B71]\]. The use of a nerve stimulator can reduce the failure rate to 15%, however, this can be associated with patient discomfort \[[@B71]\]. Adjacent structures at risk of injury include the femoral nerve, femoral artery and bowel. One study found that unintentional femoral nerve block occurred in 35% of patients using the blind approach \[[@B71]\]. Given the variable course of LFCN course, an anatomic approach alone is often inadequate. One cadaver study comparing ultrasound and anatomic landmark based techniques found success rates of 84% and 5% respectively \[[@B80]\].

3. Ultrasound guided injection technique
----------------------------------------

The technique for ultrasound guided LFCN blockade has been well published \[[@B80]-[@B84]\]. The patient is placed in the supine position and a high frequency (6-13 MHz) linear ultrasound probe is used. The block is performed as close to the inguinal ligament as possible as the level of entrapment is usually around this level. However, the nerve can be difficult to locate proximally. The author recommends initiating the scan at the level of the inguinal ligament. The lateral end of the probe is placed on the ASIS and oriented in the longitudinal plane of the inguinal ligament. The LFCN is often found between the fascia lata and fascia iliaca at this location keeping in mind that the nerve can lie at variable distances medial to the ASIS. Adjacent structures can be visualized including the triangular shaped sartorius muscle deep to the inguinal ligament. Hydrodissection between the fascia lata and fascia iliaca with dextrose 5% can be utilized to better visualize the nerve. If the nerve is not identified at the level of the inguinal ligament, an attempt to visualize it in the infrainguinal location can be attempted. Here the nerve may be found superficial to the sartorius muscle or between the fat filled space between sartorius and fascia lata muscles, which is more lateral. Once identified, the nerve can be followed proximally and distally with the injection performed in the most proximal location possible. The LFCN may appear hyper or hypoechoic depending on the tissue architecture of the surrounding structures ([Fig. 11](#F11){ref-type="fig"}). In cases of advanced meralgia paresthetica the nerve may appear larger (pseudoneuorma). An in-plane technique can be utilized for the injection. A total injectate volume of 5 ml is usually adequate. If the nerve is not identifiable despite scanning these locations, consideration can be given to utilizing nerve stimulation for additional guidance.

CONCLUSIONS
===========

Ultrasound has emerged to become one of the principle tools used in the performance of chronic pain interventions. It allows identification of target structures, visualization of needle placement and observation of therapeutic medication in real time. Furthermore, utilization of ultrasound instead of fluoroscopy spares healthcare providers and patients the risk of radiation exposure. Ultrasound utilization for chronic pain interventions is still in its relatively early stages and additional studies are required to further evaluate the efficacy and limitations of employing this modality.

![Prevertebral region of the neck. The target site for needle insertion in classical approach is marked as ^\*^. The breadth of the transverse process is marked as A. Reproduced with permission from USRA ([www.usra.ca](http://www.usra.ca)).](kjpain-26-111-g001){#F1}

![(A) Cross section of the neck at the sixth cervical vertebral level correlating with the ultrasonographic image. (B) Ultrasonographic image of neck at C6. C: carotid artery, ^\*^: internal jugular vein (compressed), SCM: sternocleidomastoid muscle, LC: longus colli muscle, LCa: longus capitis muscle, T: airway, AT: anterior tubercle. The prevertebral fascia is marked by small solid arrows. The needle paths of anterior and lateral approach are marked by long solid and dotted arrow respectively. Reproduced with permission from USRA ([www.usra.ca](http://www.usra.ca)).](kjpain-26-111-g002){#F2}

![Suprascapular nerve and its branches of the left shoulder. Superior articular branch (Br. SA) supplies the coracohumeral ligament, subacromial bursa and posterior aspect of the acromioclavicular joint capsule; Inferior articular branch (Br. IA) supplies the posterior joint capsule; Br. SS: branch to the supraspinatus muscle, Br. IS: branch to the infraspinatus muscle. Reproduced with permission from USRA ([www.usra.ca](http://www.usra.ca)).](kjpain-26-111-g003){#F3}

![Superior view of the left shoulder. The course of the suprascapular nerve enters the suprascapular fossa through the suprascapular notch (SSNo) and then enters the infrascapular fossa through the spinoglenoid notch (SGNo). Reproduced with permission from USRA ([www.usra.ca](http://www.usra.ca)).](kjpain-26-111-g004){#F4}

![(A) Lateral view of the scapula. The scapula spine forms an angle (39.5° ± 5.8°) to the axis of the scapula blade. The content of the suprascapular fossa cannot be revealed when scanning from the ultrasound probe (a), which is behind the dorsal border of the scapular spine, because of the obstruction of view from the scapular spine. By moving the ultrasound probe position to (b), the content of the suprascapular fossa cannot be revealed either. The optimal ultrasound probe position is at (c) when the probe is almost at the coronal plane with a slight anterior tilt. (B) Ultrasonographic image of the suprascapular nerve on the floor of the scapular spine between suprascapular notch and spinoglenoid notch. Both suprascapular nerve and artery run underneath the fascia of supraspinatus muscle. Reproduced with permission from USRA ([www.usra.ca](http://www.usra.ca)).](kjpain-26-111-g005){#F5}

![Schematic diagram showing the pathway of ilioinguinal, iliohypogastric and genitofemoral nerve. GFN: genitofemoral nerve. Reproduced with permission from USRA ([www.usra.ca](http://www.usra.ca)).](kjpain-26-111-g006){#F6}

![(A) Schematic diagram to show the position of the ultrasound probe. The probe (a) is placed above and 3 finger breadth lateral to the anterior superior iliac spine and is in the short axis of the course of ilioinguinal nerve (i.e. at right angle to the iliac crest). The probe (b) is placed in the inguinal line in long axis of femoral and external iliac artery. (B) Figure showing the three layers of muscles and the fasica split (white line arrows) with the ilioinguinal and iliohypogastric nerves inside. Solid triangles outline the iliac crest. (C) Similar to figure 7b with Doppler showing the deep circumflex iliac artery. EO: external oblique muscle, IO: internal oblique muscle, TA: transverse abdominus muscle, IL: iliacus, F: adipose tissue, Lat: lateral. Reproduced with permission from USRA ([www.usra.ca](http://www.usra.ca)).](kjpain-26-111-g007){#F7}

![(A) Long axis view of the femoral and external iliac artery showing the cross section of spermatic cord (outlined by solid arrows) in a male patient. The red dashed line outlines the deep abdominal fascia. (B) Similar view as 8a with color Doppler showing the vessels inside the spermatic cord. (C) Following injection, the inguinal canal can be well visualized (outlined by solid arrows) filled with local anesthetic (LA). The spermatic cord is indicated by ^\*^. Reproduced the with permission from USRA ([www.usra.ca](http://www.usra.ca)).](kjpain-26-111-g008){#F8}

![Schematic diagram showing the pathway of a typical course of lateral femoral cutaneous nerve. Note that the nerve course beneath the inguinal ligament and runs superficially to the sartorius muscle and then in between this muscle and tensor fascia lata muscle. Reproduced with permission from USRA ([www.usra.ca](http://www.usra.ca)).](kjpain-26-111-g009){#F9}

![Nerves at the inguinal area. Reproduced with permission from USRA ([www.usra.ca](http://www.usra.ca)).](kjpain-26-111-g010){#F10}

![(A) Ultrasonographic picture showing the lateral femoral cutaneous nerve (LFCN). The LFCN is indicated by line arrows. The fascia is indicated by bold arrows (FL: Fascia Lata, FI: Fascia Iliaca); the ilium is indicated by solid arrows; Sar: Sartorius muscle, ASIS: Anterior Superior Iliac Spine. (B) Post-injection ultrasonographic picture; the needle is indicated by line arrows, LA: local anesthetic, ^\*^LFCN. (C) The LFCN has already branched into smaller nerves and appears as hypoechoic structures (solid line arrows). Reproduced with permission from USRA ([www.usra.ca](http://www.usra.ca)).](kjpain-26-111-g011){#F11}
